ABSTRACT The u a z a h o n of dense concentrahons of the mysid Mesopodops~s slabben by nearshore teleosts assoc~ated with a surf-exposed sandy beach In southern Afnca was lnveshgated d u n n g a 24 h study Five species, namely Lthognathus mormyrus, Liza nchardsom, Monodactylus falclforrms, Pomadasys ohvaceum and Sphyraena afncana, fed extensively on this resource Mysids also featured in the diets of the other teleosts exarmned Foraging a c t~v~t y &d not appear to comcide w t h penods of increased prey availability T h~s may be a reflection of the patchy distnbuhon of both predators and prey or, alternahvely, it may indicate that mysids were consumed outslde the beach/surf-zone system Temporal differences in habitat occupancy probably reduce the hkellhood of interspecif~c compehtion over food Companson of the mean contnbubon of mysids to the dlet esbmated durlng this 24 h study wlth that o b t a n e d from long-term studies suggests that the dietary importance of highly mohle prey
INTRODUCTION
Uense concentrations of mysids have been observed in association with sandy beaches along the eastern seaboard of southern Africa (Cockcroft 1979 , Wooldridge 1983 . The dominant mysid species found inshore, Mesopodopsis slabberi, has an average density of approximately 1000 m-3 and densities in excess of 15 000 m-3 have been recorded (Wooldridge 1983) . Several studies have shown that this organism is an important prey item of teleost fish (Lasiak 1982 , 1984a , Smale 1983 , 1984 , Smale & Kok 1983 , Buxton et al. 1984 . These studies summanze data obtained from either monthly or quarterly collections made over a 1 to 3 yr period. Lasiak (1983) has shown that the contribution of M. slabberi to the diet of surfzone teleosts fluctuates considerably. This variability probably reflects the gregarious behaviour of the mysid and can therefore be attributed to the presence or absence of mysid shoals in the vicinity of actively foraging fish.
The present paper describes the f e e d n g habits of the fish assemblage associated with an exposed sandy ' Present address: Department of Zoology, University of Transkei, Private Bag X5092, Umtata, Transkel, southern Africa O Inter-Research/Printed in F. R. Germany beach over a single 24 h penod in January 1979. A concomitar?t study (Cc~kcrofi 19793 un surf-zone zooplankton indicated the presence, particularly after dark, of large concentrations of Mesopodopsis slabberi just outside the breakers. The opportunlsbc utilization of thls 'superabundant' food resource by surf-zone teleosts during this 24 h period is compared with the apparent contnbution of mysids ascertained from long-term studies.
METHODS
The 24 h study was carried out in the surf-zone off Kmg's Beach, Port Elizabeth, South Africa (33"56'S, 25"39' E) . This is the least exposed beach in Algoa Bay. It is subjected to continuous moderate wave action; the waves have an average breaking height of 0.7 m and break 50 to 100 m offshore at a n average depth of 2 m (McLachlan 1980) . Physical, chemical and biological features of this area have been extensively studied and are summarized in McLachlan (1983a, b ) .
Fish were collected by seine netting within the surfzone; details of the netting procedure are given in Lasiak (1984b, c) . At 3 h intervals 3 hauls were made through the surf, with a coarse-meshed seine net (60 mm stretched mesh) 60 m long and 2 m deep. Mar. Ecol. Prog. Ser. 37: 1-7, 1987 Sampling began in the late afternoon and continued through to 1800 h the next day. Thus 9 separate collections were taken over the 24 h period. The catch from each seine haul was sorted by species, counted, and the individual fish were weighed and measured. Subsamples of each species, from each of the collections, were retained for stomach contents analysis. The entire ahmentary canals of these fish were removed and stored in 10 % formalin.
Stomach contents were extracted and sorted into broad taxonomic categories. The more abundant prey organisms were identified to the lowest taxonomic level possible. Following the recommendations of Berg (1979) and Hyslop (1980) , 2 methods of stomach contents analysis were adopted: frequency of occurrence and gravimetry. The gravimetric contribution of prey items was determined on both a wet and dry basis. Dry mass estimates were made after 24 h exposure to 60°C, and wet mass estimates were made after excess moisture was removed by blotting. Variations in the mean wet weight of stomach contents relative to the total wet weight of individual fish were used to examine temporal fluctuations in the feeding intensity of some species. Morisita's (1959) index of association
Zx,'+Cy?
was used to estimate both dietary and temporal overlap. In the case of dietary overlaps, X, and yi represent the proportion of the ith prey item consumed by species X and y respechvely. In the estimation of temporal overlap, xi and yi represent the percent contribution of species X and y to the catch. Species from which less than 10 stomachs were analysed were omitted in the estimation of dietary overlaps.
RESULTS

Catch composition
A total of 3314 fish representing 25 species were caught during the 24 h study. On a numerical basis, 4 species predominated, accounting for 90 O/ O of the total catch. These were the pinkie Pomadasys olivaceum, the southern mullet Liza richardsoni, the streepie Sarpa salpa and the sand steenbras Lithognathus mormyrus. None of these was present throughout the entire 24 h period. The most prevalent species were L. richardsoni, P. olivaceum and the blacktail Diplodus sargus which were caught in 8 of the 9 sampling sessions. Of the 25 species recorded 14 were caught irrespective of the day/night cycle, 5 species were nocturnal, 2 diurnal and the remaining 4 were too scarce to classify. Further details of the catches are given in Lasiak (1984b) .
Feeding habits
The dietary habits of the dominant species are summarized in Table 1 . In terms of both frequency and gravimetry the mysid Mesopodopsis slabben was the major prey item consumed by Liza richardsoni, Lithogna thus mormyrus, Monodactylus falciformis, Pomadasys olivaceum and Sphyraena africana. Between 60 and 98 O/ O of the food eaten by these fish were mysids. Smaller quantities of M. slabben were consumed by Table 1 . Feeding habits of the dominant teleosts caught during a 24 h study at k n g ' s Beach. F: frequency of occurrence; G: percentage contribution of prey ~t e m s on a wet gravimetric basis; N: number of stomachs analysed; Ah: Argyrosomus hololepidotus; Ds: Diplodus sargus; Lm: Lithognathus mormyrus; Lr: h z a richardsoni; Mf: Monodactylus falciformis; PO:
Pomadasys olivaceum; PS: Pornatomus saltatnx; Ss: Sarpa salpa; Sa: Sphyraena africana slabben and also between the top 2 predators. Morisita's (1959) index of association was also used to evaluate the temporal CO-occurrence of these fish ( (Fig. 2) . Relatively little food was present in mullet stomachs between 2400 and 0600 h as indicated by the low feeding intensity and high proportion of empty stomachs. There was no correlation between the die1 feeding and abundance patterns of L. richardsoni. Large numbers of freshly consumed M. slabber1 were found in the stomachs of all P. olivaceum caught between 0600 and 1800 h (Fig. 2) . Feeding intensity was lowest at night. There was no relationship between feeding intensity and abundance of P. olivaceurn.
DISCUSSION
Motile fauna1 assemblages associated with surfexposed beaches are not discrete entities, they are in constant flux. Being an 'open' system, import and export of planktonic organisms to and from the surf zone takes place. Inshore current systems and wave action determine the availability of these organisms as potential prey items. The mysid Mesopodopsis slabben is the major component of the zooplankton assemblage. Considerable temporal and spatial fluctuations in the standing stock of this organism have been recorded in Algoa Bay (Cockcroft 1979 , Wooldridge 1983 . These fluctuations reflect the lack of substrate specificity and high motility of this mysid (Wooldridge 1983) . Zooplankton studies carried out by Cockcroft (1979) in association with the present study indicated the presence of large mysid shoals off King's Beach between 2100 and 0300 h, thereafter the number of M. slabberi caught was negligible. The King's Beach fish assemblage is itself highly dynamic (Lasiak 1984b, c) . Although some species regularly frequent this habitat it is not known whether any can be considered 'true residents'. There appears to be continual exchange of individuals and species with adjacent areas on-, offand alongshore.
It has beer? suggrsted :hat prey dvaiiabiiiry, both in quantity and quality, may be a major factor influencing the structure of fish assemblages (Helfman 1978) . Comparison of fish feeding activity with the availability of Mesopodopsis slabberi, however, indicated that many of the teleosts caught between 2100 and 0300 h were not actively foraging. These fish may have been using King's Beach as a refuge site. Shallow coastal waters are thought to be relatively free of predators (Lenanton 1982 , McDermott 1983 . Furthermore, the increased turbidity characteristic of surf zones may decrease the foraging effectivity of piscivorous predators (Lasiak 1986 ). Although M. slabberi was apparently scarce after 0300 h (Cockcroft 1979) , many of the teleosts caught between 0600 and 1800 h had stomachs distended with large quantities of undigested mysids. This discrepancy probably reflects the patchy distribution of both predators and prey coupled with inadequate sampling methodology. Alternatively, the mysids may have been consumed outside the beach/ surf-zone limits. In addition to stomach contents analysis, visual observations of foraging activity are needed to establish whether or not the surf zone acts as an important feeding ground.
All the dominant teleosts caught during the 24 h study consumed mysids. On a gravimetric basis > 90 % of the prey items eaten by the teleosts Lithoyna th us morrn yrus, Liza richardsoni, Monodactylus falciformis and Pomadasys olivaceum were Mesopodopsis slabberi. The contribution of this mysid to the overall diet of these fish based on monthly sampling over a 27 mo period (Lasiak 1982 (Lasiak , 1984c ) is given in Table 4 . From this it is apparent that M. slabberi was not of such over-riding importance in the diets of L. richardsoni and P. olivaceurn and it was only a minor prey item of L. morrnyrus and M. falciforrnis. Even so, the long-term study (Lasiak 1982) indcated that on some occasions M. slabberi was the predominant prey item consumed by these and other surf-zone teleosts. This mysid accounted for more than 90 % of the total food complement eaten by L. richardsoni cr. 4 occasions and by P. olivaceurn on 7 occasions. The prevalence of h4esopodopsis slabben in the stomachs of the southern mullet Liza richardsoni was somewhat unexpected. The 'natural' diet of this mullet consists largely of sediment parbcles, decaying plant detritus and associated microbenthos (Masson & Marais 1975 , Marais 1980 . These resources are not available to mullet frequenting surf-exposed beaches, where turbulence prevents the deposition of detrital material (McLachlan et al. 1981) . Romer & McLachlan (1986) have recently shown that L. richardsoni makes extensive use of the surf &atom Anaulus birostratus as a primary food source. They suggest that grazing of surf diatoms by mullet may be widespread along much of the South African coast. However, surf diatom accumulations do not build up or persist off a l l beaches, and neither are mullet restricted to these diatom-rich areas. Mullet frequenting beaches where diatom blooms are absent must seek alternative food supplies. The consumption of mysids by L. richardsoni was previously considered to be a deviation from the 'natural diet' (Marais & Erasmus 1977 , Romer & McLachlan 1986 ). However, the data presented in this paper suggests that the mysids' dietary importance may have been overlooked. Opportunistic uhlization of 'superabundant' food resources by teleost fish is well documented (McFarland 1963 , Odum 1968 , Murdock et al. 1975 , Keast 1978 . McDermott 1983 . The sharing of such resources by CO-occurring species results in high dietary overlaps as observed during this study. However, these are not necessarily indicative of interspecific competition (Zaret & Rand 1971 , Keast 1977 , which occurs only when feeding demands of the fish exceed the biomass of prey items available. Interactions between co-occurring species do not only involve food resources. Niche segregation may be achleved through temporal, spatial andlor behavioural differences in habitat utilization. Results from the present study suggest that potential interspecific competition over Mesopodopsis slabberi is avoided by temporal differences in habitat occupancy. Modde & Ross (1983) have proposed temporal partitioning of resources by surf-zone teleosts to be a viable strategy preventing competition, since wave action and alongshore current movement would result in the replenishment of zooplankton resources. However, other studies in unpredictable environments indicate that resource partitioning does not play a role in structuring communities (Matthews & Hill 1980 , Thorman & Wiederholm 1986 .
Such opportunistic utilization of food resources is probably of immense importance to teleosts frequenting physically-stressed environments, such as surfexposed beaches. Long-term studies that summarize data on feeding habits may overlook the significance of opportun~sm. The surf zone is not only a physically dynamic habitat; many of the associated faunal assemblages are themselves highly dynamic. Shortterm variations in wind strength and direction and their subsequent effects on surf conditions probably play a major part in the control and interaction of these assemblages (Lasiak 1984b , c, McLachlan 1983a . To f d y evaluate trophic relations between surf-zone teleosts and their m o d e food resources, a sampling strategy w h c h takes both temporal and spatial variability into account is required. The energetic significance of this trophic plasticity, in terms of absorption, conversion and growth efficiencies, needs to be examined.
